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(R' = alkyl, alkenyl, alkynyl, cycloalkyl, alkoxyalkyl,
alkylthioalkyl, substituted or unsubstituted phenyl,
substituted or unsubstituted benzyl, substituted or
unsubstituted 5-/6-membered hetaryl;

W = O, =N-OR? or =N-R';

R? = Bsubstituted or unsubstituted alkyl, alkenyl or
alkynyl radical, substituted or unsubstituted 3- to 6-
membered alkyl chain ox 4- to 6-membered alkenyl or
alkynyl chain, one chain member in each case being
replaced by -0-, -S-, -80-, -80,~ or -N(R%) -;

R® = H, alkyl, alkenyl, alkynyl, alkylcarbonyl, benzoyl;
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R* = H, alkyl, hydroxyalkyl, alkoxyalkyl or alkylthio-
alkyl, substituted or unsubstituted phenyl, substituted
or unsubstituted benzyl;

X,Y¥ = -OR* or -NR°Rf;

R* = H, alkyl, alkenyl, alkynyl, alkoxyalkyl, alkylthio-
alkyl;

R® = H, alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxy-
alkyl, alkylthiocalkyl and R® = H, alkyl, alkenyl,
alkynyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkylcarbonyl, substituted or unsubstituted benzoyl or
R® + R® together with the common N atom = 5-/6-membered
heterocycle which may contain -O0-, -S- or -N(R’)- as ring
member; R’ = H, alkyl, alkenyl, alkynyl, alkylcarbonyl,
benzoyl),

and the agriculturally useful salts and esters of

C,-C,,-carboxylic acids and inorganic acids of the
compounds I.
The cyclohexenone derivatives I are suitable as

herbicides and for regulating plant growth.
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Cyclohexenone derivates have the formula (I), in which R! stands for alkyl, ¥ °

alkenyl, alkinyl, cycloalkyl, aloxyalkyl, alkylthioalkyl, possibly substituted phenyl, possibly substituted benzyl, possibly sub-
stituted 5-/6-membered heteroaryl; W stands for 0, = N-OR2 or = N-R3; R2 stands for possibly substituted alkyl, alkenyl or
alkinyl residue, possibly substituted 3- to 6-membered alkyl chain or 4- to 6-membered alkeny! or alkinyl chain, a chain link
in each of the chains being substituted by -0-, -S-, -S0-, -S0,- or -N(R8)-; R8 stands for H, alkyl, alkenyl, alkinyl, alkylcarbo-
nyl, benzoyl; R3 stands for H, alkyl hydroxyakyl, alkoxyalkyl or alkylthioalkyl, possibly substituted phenyl, possibly substi-
tuted benzyl; X, Y stand for -OR4 or -NRS5 R6; R4 stands for H, alkyl, akenyl, alkinyl, alkoxyalkyl, alkylthioalkyl; RS stands
for H, alkyl, alkenyl, alkinyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl and R6 stands for H, alkyl, alkenyl, alkinyl, hydroxy-
alkyl, alkoxyalkyl, alkylthioalkyl, alkylcarbonyl, possibly substituted benzoyl or R5-R6 form together with the shared N at-
om a 5-/6-membered heterocycle that may contain -O-, -S- or -N(R7)- as ring element; R7 stands for H, alkyl, alkenyl, alki-
nyl, alkylcarbonyl, benzoyl. Also disclosed are the agriculturally useful salts and esters of C;-C,o-carboxylic acids and
anorganic acids of the compounds having the formula (I). These cyclohexenone derivates (I) are useful as herbicides and

plant growth regulators.

(57) Zusammenfassung

Cyclohexenonderivate (I) (R! = Alkyl, Alkenyl, Alkinyl, Cycloalkyl, Alkoxyalkyl, Alkylthioalkyl, ggf. subst. Phenyl,
ggfl. subst. Benzyl, ggf. subst. 5-/6-gliedriges Heteroaryl; W = O, = N-OR2 oder =N-R3; R2 = ggf. subst. Alkyl, Alkenyl
oder Alkinylrest, ggf. subst. 3- bis 6-gliedrige Alkylkette oder 4- bis 6-gliedrige Alkenyl- oder Alkinylkette, wobei jeweils ein
Kettenglied durch -O-, -S-, -SO-, -SO,- oder -N(R8)- ersetzt ist; R8 = H, Alkyl, Alkenyl, Alkinyl, Alkylcarbonyl, Benzoyl;
R3 = H, Alkyl, Hydroxyalkyl, Alkoxyalky! oder Alkylthioalkyl, ggf. subst. Phenyl, ggf. subst. Benzyl; X, Y = -OR4 oder
-NR5R6; R4 = H, Alkyl, Alkenyl, Alkinyl, Alkoxyalkyl, Alkylthioalkyl; R5 = H, Alkyl, Alkenyl, Alkinyl, Hydroxyalkyl,
Alkoxyalkyl, Alkylthioalkyl und R6 = H, Alkyl, Alkenyl, Alkinyl, Hydroxyalkyl, Alkoxyalkyl, Alkylthioalkyl, Alkylcarbo-
nyl, ggf. subst. Benzoyl oder R 4+ R6 zusammen mit dem gemeinsamen N-Atom = 5-/6-gliedriger Heterocyclus, der -O-,
-S- oder -N(R7)- als Ringglied enthalten kann; R7 = H, Alkyl, Alkenyl, Alkinyl, Alkylcarbonyl, Benzoyl), sowie die land-
wirtschaftlich brauchbaren Salze und Ester von C;-C¢-Carbons4uren und anorganischen S#uren der Verbindungen (I). Die
Cyclohexenonderivate (I) eignen sich als Herbizide und zur Regulierung des Pflanzenwachstums.
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Cyclohexenone derivatives

Description

The present invention relates to novel cyclo-

hexenone derivatives of the general formula I

CH
=¥
c
~
) T .
X—C o
-
¢ 0

where the variables have the following meaning:

Rl

is C,-C,-alkyl, C,-C,,-alkenyl, C,-C,,~alkynyl,
C,-Cs-cycloalkyl, C,-C,-alkoxy-C,-C,-alkyl, C,-C,-
alkylthio-C,-C,-alkyl, phenyl, benzyl or a 5-membered
or 6-membered hetaryl group having one or two
hetercatoms selected from the group consisting of
nitrogen, oxygen and sulfur, where the aromatic and
heteroaromatic rings may, if desired, £furthermore
carry from one to three radicals selected from the
group consisting of nitro, cyano, halogen, C,-C,-
alkyl, partially or completely halogenated C,-C,-
alkyl, C,-C,-alkoxy, C,;-C,-alkylsulfinyl and C,-C,-
alkylsulfonyl;
is oxygen, =N-OR? or =N-R}, where
R? is ¢,-C,-alkyl, C,;-C¢-alkenyl or C,-C,-alkenyl
[sic], where these radicals may furthermore
carry from one to three of the following
substituents selected from the group consisting
of halogen, C,-C,-alkyl, C,-C,-alkoxy, phenyl
and S5-membered and 6-membered hetaryl having
one or two heteroatoms selected from the group
consisting of nitrogen, oxygen and sulfur, and
the gitenyl and hetaryl substituents in turn may
furthermore carry from one to three radicals
selected from the group consisting of nitro,
halogen, C,-C,-alkyl, partially or completely
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halogenated Cq - C4 - alkyl, C1 - C4 - alkoxy and partially or completely
halogenated C1 - C4 - alkoxy;

a 3-membered to 6-membered alkyl chain or a 4-membered to 6-
membered alkenyl or alkynyl chain, where one chain member in each
case is replaced by oxygen, sulfur or -SO-, -SO> or -N(R8) - and the chain
may furthermore additionally carry from one to three substitutuents
selected from the group consisting of halogen, C1-C4 alkyl, C1-C4 alkoxy,
phenyl and 5-membered and 6-membered hetaryi having one or two
hetero-atoms selacted from the group consisting of nitrogen, oxygen and
sulfur, and the phenyl and hetaryl substituents may in turn furthermore
carry from one to three radicals selected from the group consisting of
nitro, halogen, C4-C4- alkyl, partially or completely halogenated

C1-C4 alkyl, C1-C4-alkoxy and partially or completely halogenated
C1-C4-alkoxy, where

Re is hydrogen, C¢-Cg-alkyl, C3-Cgs-alkenyl, C3-Cg-alkynyl,
C1-Ce-alkylcarbonyl or benzoyl;

R3is hydrogen, Cy-Cg-alkyl, hydroxy-C1-C4-alkyl,
C1-C4-alkoxy-C1-C4-alkyl, Cy-C4-alkylthio-C1-C4-alkyl, phenyl or benzyl,
where the aromatic rings may furthermore carry from one to three
substituents selected from the group consisting of nitro, haiogen,
C4-C4-alkyl, C1-C4-haloalkyl, C1-C4-alkoxy and C1-C4-haloalkoxy;

X and Y are each -OR4 or -NR5RS, where

R4 is hydrogen, C4-Cg-alkyl, C3-Cg-alkenyl, C3-Cg-alkynyl,
C1-C4-alkoxy-C1-Cgs-alkyl or C1-C4-alkylthio-C1-C4-alkyl,

RS is hydrogen, Cy-Cg-alkyl, C3-Cg-alkenyl, C3-Cg-alkynyl, hydroxy-Cy-C4-
alkyl, C1-C4-alkoxy-
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C,-C4~alkyl or C,-C,-alkylthio-C,-C,-alkyl and
R® T is hydrogen, C,-Cs-alkyl, C,-C,-alkenyl, C,-C,-
alkynyl, hydroxy-C,-C,-alkyl, C,-C,-alkoxy-C,-C,~
alkyl, C,-C,-alkylthio-C,-C,-alkyl or C,-C.-
alkylcarbonyl or benzoyl which may furthermore
carry from one to three substituents selected
from the group consisting of nitro, cyano,
halogen, C,-C,-alkyl, partially or completely
halogenated C,-C,-alkyl, C,;-C,-alkoxy and C,-C,-
alkylthio, or
R’ and RY, together with the nitrogen atom tc which
they are bonded, may form a 5-membered or 6-
membered heterocyclic structure which may
contain an oxygen or sulfur atom or -N(R’)- as
a ring member, where
R’ is hydrogen, C,;-C,-alkyl, C,-Cs-alkenyl,
Cy-Cg-alkynyl, C,-C¢-alkylcarbonyl or
benzoyl,
and their agriculturally useful salts and esters of
C,-C,,-carboxylic acids and inorganic acids.

The present invention furthermore relates to
processes for the preparation of these compounds, their
use as herbicides and for regulating plant growth, and
herbicidal agents and agents for regulating plant growth
which contain the compounds as active ingredients.

The literature discloses herbicidally active
cyclohexenone derivatives which carry an oxime ether
group in the 2-position (US 4,249,937; CA 1,205,813; Adv.
Pest. Science, Part 2, Pergamon Press, Zurich, 1978; E.H.
Geissbilihler, Proc. 4th Inern. [sic] Congress of Pesticide
Chemistry (IUPAC), 1978, 235; EP-A-0 368 227,
DE-A-40 14 983, DE-A-40 14 984, DE-A-40 14 986,
DE-A-40 14 987 and DE-A-40 14 988).

It is also known that certain 2-acyl-3-hydroxy-
cyclohex-2-en-l-ones have a regulatory effect on plant
growth (Us 4,569,403, UsS 4,584,013, UsS 4,640,706,
EP-A-177 450, EP-A-199 658, EP-A-233 817).
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EP-A-123 001, 126 713 and 338 525 disclose since
[siec] cycélohexanetriones having an alkoxycarbonyl or
dialkylaminocarbonyl group on the cyclohexanedione ring
have growth-retarding properties.

Furthermore, BE 833 488, J5 7045143, J5 1013750,
J5 7046943, J5 4016454, J5 1131856, DE-A-24 61 027,
DE-A-24 39 104 and US 4,011,256 disclose cyclohexenone
oxime ethers which have an alkoxycarbonyl or dialkyl-
aminocarbonyl group on the cyclohexanedione ring and
possess herbicidal properties.

However, the herbicidal and plant growth-regula-
ting properties of these compounds are satisfactory only
to a limited extent, particularly at low application
rates and concentrations.

The general terms used in the definition of R! to
R®,

- halogen,

- C,-C¢-alkyl, C,-C,-alkyl, C,-C,-alkenyl, C;-C.,-alkenyl,
C,-C¢-alkynyl, C,-Cs-alkynyl,

- partially or completely halogenated ¢C,;-C;-alkyl,
partially or completely halogenated C,-C,-alkoxy,

- C,-C,-alkoxy, C,-C,-alkylthio, C;-C.-alkylcarbonyl,

- ¢,~-C,-alkoxy-C,-C,~alkyl, C,-C,-alkylthio-C,-C,-alkyl,

- C,-C,-alkylsulfinyl, C,-C,-alkylsulfonyl and

- 5-membered or 6-membered hetaryl having one or two
heterocatoms selected from the group consisting of
nitrogen, oxygen and sulfur,

are abbreviations for a list of the individual group

members. All alkyl, alkenyl, alkynyl, haloalkyl or

haloalkoxy moieties may be straight-chain or branched.

The partially or completely halogenated alkyl or alkoxy

moieties may carry identical or different halogen atoms.

Specific examples are as follows:

- halogen is fluorine, chlorine, bromine or iodine,
preferably fluorine or chlorine;

- C,-C¢-alkyl is methyl, ethyl, n-propyl, l-methyl-
ethyl, n-butyl, 1l-methylpropyl, 2-methylpropyl,

R
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1,1-dimethylethyl, n-pentyl, l-methylbutyl,
2-methylbutyl, 3-methylbutyl, 2,2-dimethylpropyl,
l-ethylpropyl, n-hexyl, 1,1-dimethylpropyl,
1l,2-dimethylpropyl, l-methylpentyl, 2-methylpentyl,
3-methylpentyl, 4-methylpentyl, 1,l-dimethylbutyl,
1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2-dimethyl-
butyl, 2,3-dimethylbutyl, 3,3~dimethylbutyl,
l-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl,
1,2,2~-trimethylpropyl, 1l-ethyl-l-methylpropyl or
l-ethyl-2-methylpropyl, preferably methyl, ethyl,
isopropyl, n-butyl or tert-butyl;

C,-C,~alkyl is methyl, ethyl, n-propyl, isopropyl,
n-butyl or tert-butyl;

C,-C¢-alkenyl is wvinyl or C,;-C,-alkenyl, such as
prop-l-en-l-yl, prop-2-en-1l-yl, 1l-methylethenyl,
n-but-l-en-1l-yl, n-but-l-en-2-yl, n-but-l-en-3-yl,
l-methylprop-l-en-1-yl, 2-methylprop-l-en-1-yl,
l-methylprop-2-en-1-yl, 2-methylprop-2-en-1-yl,
n-pent-l-en-1-yl, n-pent-l-en-2-yl, n-pent-l-en-
3-y1, n-pent-l-en-4-yl, l-methylbut-l-en-1-yl,
2-methylbut-l-en-1-yl, 3-methylbut-l-en-1-yl,
l-methylbut-2-en-1-yl1, 2-methylbut-2-en-1-yl,
3-methylbut-2-en-1-yl, l-methylbut-3-en-1-~yl,
2-methylbut-3-en-1-yl, 3-methyibut-3-en-1-yl,
1l,1-dimethylprop-2-en-1-yl, 1,2-dimethylprop-l-en-
1-yl, 1,2-dimethylprop-2-en-1-yl, l-ethylprop-l-en-
2-yl, l-ethylprop-2-en-1-yl, n-hex-l-en-1-yl, n-hex-
2-en-1l-yl, n-hex-3-en-1-yl, n-hex-4-en-1-yl, n-hex-
5-en-1-yl, 1l-methylpent-l-en-1-yl, 2-methylpent-
l-en-1-yl, 3-methylpent-l-en-l-yl, 4-methylpent-
l-en-1-yl, 1l-methylpent-2-en-l-yl, 2-methylpent-
2-en-1l-yl, 3-methylpent-2-en-l-yl, 4-methylpent-
2-en-1-yl, 1l-methylpent-3-en-l-yl, 2-methylpent-
3-en-1l-yl, 3-methylpent-3-en-l-yl, 4-methylpent-
3-en-1l-yl, 1l-methylpent-4-en-l-yl, 2-methylpent-
4-en-1-yl, 3-methylpent-4-en-l-yl, 4-methylpent-
4-en-1-yl, 1,l-dimethylbut-2-en-1-yl, 1,1-dimethyl-
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but-3-en-1-y1, l,2-dimethylbut-l-en-1-yl,
1,2-dimethylbut-2-en-1-yl, 1l,2-dimethylbut-3-en-
1-yl, 1,3-dimethylbut-l-en-1-yl, 1,3-dimethylbut-
2-en-1-yl, 1,3-dimethylbut-3-en-1-yl, 2,2-dimethyl-
but-3-en-1-v1, 2,3-dimethylbut-l-en-1-yl,
2,3-dimethylbut-2-en-1-yl, 2,3-dimethylbut-3-en-
1-yl, 3,3-dimethylbut-l-en-1-yl, 3,3-dimethylbut-
2-en-1-yl, 1l-ethylbut-l-en-1-yl, 1l-ethylbut-2-en-
l-yl, 1l-ethylbut-3-en-1l-yl, 2-ethylbut-l-en-1-yl,
2-ethylbut-2-en-1-yl, 2-ethylbut-3-en-1-yl,
1,1,2-trimethylprop-2-en-1l-yl, l-ethyl-l-methylprop-
2-en-1-vy1, l-ethyl-2-methylprop-l-en-1-yl or
l-ethyl-2-methylprop-2-en-1-yl, preferably prop-
2-en-1-yl or but-2-en-1-yl;

C,-Cs-alkynyl is ethynyl or C,-C,-alkynyl, such as
prop-l-yn-1-yl, prop-2-yn-3-yl, n-but-l-yn-1-yl,
n-but-l-yn-4-yl, n-but-2-yn-1-yl, n-pent-l-yn-1-yl,
n-pent-1l-yn-3-yl, n-pent-l-yn-4-yl, n-pent-l-yn-
5-yl, 3-methylbut-l-yn-1-yl, 3-methylbut-l-yn-3-yl,
3-methylbut-l-yn-4-yl, n-hex-l-yn-1-yl, n-hex-1l-yn-
3-yl, n-hex-l-yn-4-yl, n-hex-l-yn-5-yl, n-hex-l-yn-
6-yl, n-hex-2-yn-1-yl, n-hex-2-yn-4-yl, n-hex-2-in-
5-yl, n-hex-2-yn-6-yl, n-hex-3-yn-1-yl, n-hex-3-yn-
2-yl, 3-methylpent-l-yn-1-yl, 3-methylpent-l-yn-
3-yl, 3-methylpent-l-yn-4-yl, 3-methylpent-l-yn-
5-yl, 4-methylpent-l-yn-1-yl, 4-methylpent-2-yn-4-yl
and 4-methylpent-2-yn-5-yl, preferably prop-2-yn-
l-yl;

C,-C¢-cycloalkyl is cyclopropyl, cyclobutyl, cyclo-
pentyl or cyclohexyl, preferably cyclopropyl, cyclo-
pentyl or cyclohexyl;

partially or completely halogenated C,-C,-alkyl is
chloromethyl, dichloromethyl, trichloromethyl,
fluoromethyl, difluoromethyl, trifluoromethyl,
chlorofluoromethyl, dichlorofluoromethyl, chlero-
difluoromethyl, 1-£fluoroethyl, 2-fluoroaethyl,
2,2-difluoroethyl, 2,2,2-trifluoroethyl, 2-chloro-
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2-fluoroethyl, 2-chloro-2,2-difluoroethyl,
2,2-dichloro-2-fluoroethyl, 2,2,2-trichloroethyl,
pentafluoroethyl and 3-chloropropyl, preferably
trifluoromethyl;

hydroxy-C,-C,~alkyl is hydroxymethyl, l-hydroxyeth-
l-yl, 2-hydroxyeth-1-yl, l-hydroxyprop-1-yl,
2-hydroxyprop-1-yl, 3-hydroxyprop-l-yl, l-hydroxy-
prop-2-yl, 2-hydroxyprop-2-yl, 1l-hydroxybut-l-yl,
2-hydroxybut-1l-yl, 3-hydroxybut-l1-yl, 4-hydroxybut-
1-yl, l-hydroxybut-2-yl1, 2-hydroxybut-2-yl,
l-hydroxybut-3-yl, 2-hydroxybut-3-yl, 1l-hydroxy-
2-methylprop-3-yl, 2-hydroxy-2-methylprop-3-yl,
3-hydroxy-2-methylprop-3-yl, or 2-hydroxymethylprop-
2-yl;

phenyl-C;-C,-alkyl is benzyl, l-phenylethyl,
2-phenylethyl, 1-phenylprop-1-yl, 2-phenylprop-1-yl,
3-phenylprop-l-yl, 1l-phenylbut-1-yl, 2-phenylbut-
1l-yl, 3-phenylbut-l-yl, 4-phenylbut-1l-yl, l-phenyl-
but-2-yl, 2-phenylbut-2-yl, 3-phenylbut-2-yl,
3-phenylbut-2-yl, 4-phenylbut-2-yl, 1- (phenyl-
methyl) -eth-1-yl, 1-(phenylmethyl)-1- (methyl)-eth-
1-yl or 1-(phenylmethyl)-prop-1-yl;

C,-C,-alkoxy is methoxy, ethoxy, n-propoxy, l-methyl-
ethoxy, n-butoxy, l-methylpropoxy, 2-methylpropoxy
or 1,1l-dimethylethoxy, preferably methoxy or ethoxy;
partially or comglestely halogenated C,;-C,-alkoxy is
difluoromethoxy, trifluoromethoxy, chlorodifluoro-
methoxy, dichlorofluoromethoxy, 1-£fluoroethoxy,
2-fluoroethoxy, 2,2-difluorocethoxy, 1,1,2,2-tetra-
fluoroethoxy, 2,2,2-trifluorocethoxy, 2-chloro-
1,1,2-trifluoroethoxy or pentafluoroethoxy, pre-
ferably trifluoromethoxy;

C;-C,-alkylthio is methylthio, ethylthio, n-propyl-
thio, isopropylthio, n-butylthio or tert-butylthio,
preferably methylthio or ethylthio;
C,-C,~alkylthio-C,-C,~alkyl is  methylthiomethyl,
ethylthiomethyl, n-propylthiomethyl, (1-methylethyl-
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thio) -methyl, n-butylthiomethyl, (1-methylpropyl-
thid) -methyl, (2-methylpropylthio) -methyl,
(1,1-dimethylethylthio) -methyl, methylthioethyl,
ethylthioethyl, n-propylthioethyl, (l-methylethyl-
thio) -ethyl, n-butyithiocethyl, (l1-methylpropylthio) -
ethyl, (2-methylpropylthio)-ethyl, (1,l-dimethyl-
ethylthio) -ethyl, 3- (methylthio) -propyl, 2-(methyl-
thio) -propyl or 2-(ethylthio)-propyl, preferably
methylthiomethyl, ethylthiomethyl, 2-methylthiocethyl
or 2-ethylthiocethyl;

C,-C,-alkoxy-C,-C,~alkyl is methoxymethyl, ethoxy-
methyl, n-propoxymethyl, (l-methylethoxy)-methyl,
n-butoxymethyl, (L-methylpropoxy) -methyl,
(2-methylpropoxy) -methyl, (1,1-dimethylethoxy) -
methyl, methoxyethyl, ethoxyethyl, n-propoxyethyl,
(1-methylethoxy) -ethyl, n-butoxyethyl, (l-methyl-
propoxy) -ethyl, (2-methylpropoxy) -ethyl,
(1, 1-dimethylethoxy) -ethyl, 3- (methoxy) -propyl,
2- (methoxy) -propyl or 2- (ethoxy)-propyl, preferably
methoxymethyl, ethoxymethyl, 2-methoxyethyl or
2-ethoxyethyl;

C,~-C,-alkylcarbonyl is methylcarbonyl, ethylcarbonyl,
n-propylcarbonyl, l-methylethylcarbonyl, n-butyl-
carbonyl, l-methylpropylcarbonyl, 2-methylpropyl-
carbonyl, 1,1-dimethylethylcarbonyl, n-pentyl-
carbonyl, l-methylbutylcarbonyl, 2-methylbutyl-
carbonyl, 3-methylbutylcarbonyl, 1,1-dimethylpropyl-
carbonyl, 1,2-dimethylpropylcarbonyl, 2,2-dimethyl-
propylcarbonyl, l-ethylpropylcarbonyl, n-hexyi-
carbonyl, 1l-methylpentylcarbonyl, 2-methylpentyl-
carbonyl, 3-methylpentylcarbonyl, 4-methylpentyl-
carbonyl, 1,l-dimethylbutylcarbonyl, 1,2-dimethyl-
butylcarbonyl, 1l,3-dimethylbutylcarbonyl,
2,2-dimethylbutylcarbonyl, 2,3-dimethylbutyl-
carbonyl, 3,3-dimethylbutylcarbonyl, l-ethylbutyl-
carbonyl, 2-ethylbutylcarbonyl, 1,1,2-trimethyl-
propylcarbonyl, 1,2,2-trimethylpropylcarbonyl,

e e e e
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l-ethyl-l1l-methylpropylcarbonyl ox l-ethyl-2-methyl-
propylcarbonyl, preferably methylcarbonyl, ethyl-
carbonyl, n-propylcarbonyl or 1,l-dimethylethyl-
carbonyl;
C,-C,-alkylsulfinyl is methylsulfinyl, ethylsulfinyl,
n-propylsulfinyl, l-methylethylsulfinyl, n-butyl-
sulfinyl, 1l-methylpropylsulfinyl, 2-methylpropyl-
sulfinyl or 1,l-dimethylethylsulfinyl, preferably
methylsulfinyl or ethylsulfinyl;
C,-C,~alkylsulfonyl is methylsulfonyl, ethylsulfonyl,
n-propylsulfonyl, l-methylethylsulfonyl, n-butyl-
sulfonyl, 1l-methylpropylsulfoanyl, 2-methylpropyl-
sulfonyl and 1,l-dimethylethylsulfonyl, preferably
methylsulfonyl and ethylsulfonyl.;
a 5-membered or 6-membered aromatic heterocyeclic
structure having one or two heteroatoms selected
from the group consisting of nitrogen, oxygen and
sulfur is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyrrolyl, 3-pyrrolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 3-ipothiazolyl, 4-isothiazolyl,
5-isothiazolyl, 3-pyrazolyl, 4-pyrazolyl,
5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-3-yl,
1l,2,4-oxadiazol-5-yl, 1,2,4-thiadiazol-3-vy1,
1,2,4-thiadiazol-5-y1, 1,2,4-triazol-3-y1,
1,3,4-oxadiazol-2-y1, 1,3,4-thiadiazol-2-vy1,
1,3,4-triazol-2-yl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
3-pyridazinyl, 4-pyridazinyl, 2-pyrimidinyl, 4-pyri-
midinyl, 5-pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-
2-yl or 1,2,4-triazin-3-yl.

With regard to the bivlogical activity, preferred

cyclohexenone derivatives I are those in which R?!, R! and
R? or R! and R® have the follecwing meanings:

is C;-C¢-alkyl, in particular methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl or n-pentyl;
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C,-C¢-alkenyl or C,-C,-alkynyl, in particular vinyl,

R3

propenyl, ethynyl or propynyl;

Cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl;
phenyl or pyridyl;

is C,-C,-alkyl, in particular ethyl or n-propyl;
partially or completely halogenated C,-C,-alkyl, in
particular 2-fluoroethyl or (E)-3-chloroprop-2-en-
1-y1;

C,-C¢-alkenyl, in particular allyl or (E)-but-2-en-
1-y1l;

C,-C¢-alkynyl, in particular propargyl or but-2-yn-
1-y1;

C,-C,~alkyl which carries a 5-membered or 6-membered
aromatic heterocyclic structure which has a
nitrogen, oxygen or sulfur atom that may in turn »e
substituted by halogen, in particular 5-chloro-
thienylmethyl;

C,-C¢-alkenyl which carries a phenyl or halophenyl
radical, in particular 4-phenylbut-2-en-1-yl1,
4- (4-fluorophenyl) -but-2-en-1-yl, 4-(4-chloro-
phenyl) -but-2-en-1-yl, 4-(4-fluorophenyl) -but-3-en-
l1-yl or 4-(4-chlorophenyl) -but-3-en-1-yl;

a 3-membered to 6-membered alkyl chain where one
chain member is replaced with oxygen and the chain
may furthermore additionally carry a phenyl or
halophenyl radical, in particular
2- (4-chlorophenoxy) ~ethyl, 2- (4-£fluorophenoxy) -
ethyl, 2-(4-chlorophenoxy) -propyl or
2- (4-fluorophenoxy) -propyl:;

is hydrogen;

C,-C¢-alkyl, in particular methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl
or n-hexyl;

C,-C,-alkenyl, in particular allyl;

hydroxy-C,~ or C,-alkyl, in particular hydroxyethyl;
C,- or C,-alkoxy-C,- or C,-alkyl, in particular
2~methoxyethyl; phenyl or benzyl.
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R is very particularly preferably methyl, ethyl,
n-propyl, n-butyl, cyclopropyl or phenyl;

R? is very particularly preferably ethyl, allyl,
(E) -but-2-en-1-yl1, propargyl, but-2-yn-1-yl,
(E) -3-chloroprop-2-en-1-yl, 4-(4-fluorophenyl) -but-
2-en-1-vyl, 4-(4-chlorophenyl) -but-2-en-1-y1,
4-(4-£fluorophenyl) -but-3-en-1-yl, 4-(4-chloro-
phenyl) -but-3-en-1-yl, 2-(4-chlorophenoxy)-propyl,
2- (4-fluorophenoxy) -propyl or 5-chloroethenyi:;

R? is wvery particularly preferably hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, n-hexyl, allyl, 2-methoxyethyl, benzyl or
phenyl.

Suitable salts of the compounds of the formula I
are agriculturally useful salts, for example alkali metal
salts, in particular the sodium or potassium salt,
alkaline earth metal salts, in particular calcium,
magnesium or barium salt, manganese, copper, zinc or iromn
salts and ammonium, phosphonium, sulfonium or sulfoxonium
salts, for example ammonium salts, tetraalkylammonium
salts, benzyltrialkylammonium salts, trialkylsulfonium
salts or trialkylsulfoxonium salts.

Agriculturally useful esters are understood as
meaning the esters of
- C,-Cyo-fatty acids, in particular C,-C;-alkane-

carboxylic acids, such as methanecarboxylic acid
(acetic acid), ethanecarboxylic acid (propionic
acid), propanecarboxylic acid (butyric acid),
l-methylethanecarboxylic acid (isobutyric acid),
butanecarboxylic acid, 1l-methylpropanecarboxylic
acid, 2-methylpropanecarboxylic acid, 1,l-dimethyl-
ethanecarboxylic acid, pentanecarboxylic acid,
l-methylbutanecarboxylic acid, 2-methylbutane-
carboxylic acid, 3-methylbutanecarboxylic acid,
1,l-dimethylpropanecatboxylic acid, 1,2-dimethyl-
propanecarboxylic acid, 2,2-dimethylpropane-
carboxylic acid, 1l-ethylpropanecarboxylic acid,
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benzoic acid and halogen-substituted benzoic acids,
hexanecarboxylic acid, 1l-methylpentanecarboxylic
acid, 2-methylpentanecarboxylic acid, 3-methyl-
pentanecarboxylic acid, 4-methylpentanecarboxylic
acid, l,1-dimethylbutanecarboxylic acid,
1,2-dimethylbutanecarboxylic acid, 1,3-dimethyl-
butanecarboxylic acid, 2,2-dimethylbutanecarboxylic
acid, 2,3-dimethylbutanecarboxylic acid,
3,3-dimethylbutanecarboxylic acid, 1l-ethylbutane-
carboxyliec acid, 2-ethylbutanecarboxylic acid,
l1,1,2-trimethylpropanecarboxylic acid,
1,2,2-trimethylpropanecarboxylic acid, l-ethyl-
l-methylpropanecarboxylic acid and l-ethyl-2-methyl-
propanecarboxylic acid,

C,-Cyo-sulfonic acids, in particular C,-C,-alkane-
sulfonic acids, s8uch as methanesulfonic acid,
ethanesulfonic acid, propanesulfonic acid, l-methyl-
ethanesulfonic acid, butanesulfonic acid, l-methyl-
propanesulfonic acid, 2-methylpropanesulfonic acid,
1l,1-dimethylethanesulfonic acid, pentanesulfonic
acid, 1l-methylbutanesulfonic acid, 2-methylbutane-
sulfonic acid, 3-methylbutanesulfonic acid,
1l,1-dimethylpropanesulfonic acid, 1,2-dimethyl-
propanesulfonic acid, 2,2-dimethylpropanesulfonic
acid, l-ethylpropanesulfonic acid, benzenesulfonic
acid and halogen-substitutied benzenesulfonic acids,
hexanesulfonic acid, l-methylpentanesulfonic acid,
2-methylpentanesulfonic acid, 3-methylpentane-
sulfonic acid, 4-methylpentanesulfonic acid,
1l,l-dimethylbutanesulfonicacid, 1,2-dimethylbutane-
sulfonic acid, 1,3-dimethylbutanesulfonic acid,
2,2-dimethylbutanesulfonicacid, 2,3-dimethylbutane-
sulfonic acid, 3,3-dimethylbutanesulfonic acid,
l-ethylbutanesulfonic acid, 2-ethylbutanesulfonic
acid, 1l,1,2-trimethylpropanesulfonic acid,
1,2,2-trimethylpropanesulfonic acid, l-ethyl-
l-methylpropanesulfonic acid and l-ethyl-2-methyl-
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propanesulfonic acid, and
- C,-C;,-phosphonic acids, in particular C,-Cs-alkane-
phosphonic acids, such as methanephosphonic acid,
ethanephosphonic acid, propanephosphonic acid,
5 l-methylethanephosphonic acid, butanephosphonic
acid, 1-methylpropanephosphonic acid, 2-methyl-
propanephosphonic acid, 1,1-dimethylethanephosphonic
acid, pentanephosphonic acid, l-methylbutane-
phosphonic acid, 2-methylbutanephosphonic acid,
10 3-methylbutanephosphonic acid, 1,1l-dimethylpropane-
phosphonic acid, 1,2-dimethylpropanephosphonic acid,
2,2-dimethylpropanephosphonic acid, l-ethylpropane-
phosphonic acid, benzenephosphonic acid and halogen-
substituted benzenephosphonic acids, hexane-
15 phosphonic acid, l-methylpentanephosphonic acid,
2-methylpentanephosphonic acid, 3-methylpentane-
phosphonic acid, 4-methylpentanephosphonic acid,
1,1-dimethylbutanephosphonic acid, 1,2-dimethyl-
butanephosphonic acid, 1,3-dimethylbutanephosphonic

20 acid, 2,2-dimethylbutanephosphonic acid,
2,3-dimethylbutanephosphonic acid, 3,3-dimethyl-
butanephosphonic acid, l-ethylbutanephosphonic acid,
2-ethylbutanephosphonic acid, 1,1,2-trimethyl-
propanephosphonic acid, 1l,2,2-trimethylpropane-

25 phosphonic acid, 1l-ethyl-l-methylpropanephosphonic
acid and l-ethyl-2-methylpropanephosphonic acid.

The cyclohexenone derivatives I are obtainable by
various methods, preferably by reacting a 5-substituted
cyclohexane-1,3-dione of the formula II with an acid

30 derivative of the formula III:
OH
0-CO-=R!
o
I =% 0
+ L- -——> "
X—c X0 ™~ Rl
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PN
v AN /,C
0 NS
Y 0
II IIT

i i it gl

|
i




|
.

b %, e’
A

~

10

15

20

- 14 - ‘ 0.Z. 0050/42780

CH
C/’;O
- 0 \R1
Rearrangement I
_—— X — ¢ o
/'C.§
Y 0]
Ia

L is a nucleophilic leaving group, in particular a halide
ion, such as chloride or bromide.

Another possible method for synthesizing cyclo-
hexenone derivatives Ia from the cyclohexane-1,3-diones
II is described in Tetrahedron Letters, (1975) 2491.

The 5-substituted cyclohexenone-1l,3-diones [sic]
of the formula II can be advantageously prepared in a
conventional manner by cyclization of compounds of the

general formula VI:

(0] OH
© CH3 OCH; Base 0
I c’ — I
X—c STo X — ¢ X o
-~ c ~ : /C\
Y 0 v \\O
VI II

The cyclization is carried out in the presence of
a strong base, for example of an alkali metal hydride,
such as sodium hydride, of a lithium organyl, such as
butyllithium, or of an alkali metal amide, such as
lithium diisopropylamide or sodium amide.

The reaction is advantageously carried out in

homogeneous or heterogeneous phase in an inert selvent or

diluent.

Examples of suitable solvents are dimethyl
sulfoxide, dimethylformamide, N-methylpyrollidone [sic],
aromatic hydrocarbons, such as benzene and toluene,
aliphatic hydrocarbons, such as hexane and cyclohexane,
or ethers, such as dioxane and tetrahydrofuran.
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In general, the reaction temperature is from

-100°C t6 the boiling point of the reaction mixture,

preferably from -70 to 40°C.

The compounds of the formula VI can be prepared

by syntheses similar to those described in Izv. Akad.

Nauk SSSR, Ser. Khim. 2 (1990), 473-474.

Cyclohexenone derivatives of the formula Ib can

be obtained in a conventional manner from the cyclo-
hexenone derivatives Ia (cf. DE-A-34 33 767):

CH
Z ©
0 RS ~ 0
R! H-N~OR2 3ase

” X * :N-OR — ”
X—C 0 X —c¢C

C

R

Y 0 Y

Ia

CH

The reaction can be carried out both with the

hydroxylamine H,N-OR,, preferably in the form of an

aqueous solution, and with one of its salts.

A suitable salt of the hydroxylamine H,N-OR?, in

particular its hydrochloride, is preferably used, and the

reaction is carried out in the heterogeneous phase in an

inert diluent, for example in dimethyl sulfoxide, in an

alcohol, such as methanol, ethanol or isopropanol, in an

aromatic hydrocarbon, such as benzene or toluene, in a

chlorohydrocarbon, such as chloroform or

1,2-dichloroethane, in an aliphatic hydrocarbon, such as

hexane or cyclohexane, in an ester, such as ethyl

acetate, or in an ether, such as
tetrahydrofuran.

dioxane or

When the reaction is carried out using an aqueous

solution of the hydroxylamine H,N-OR?, a one-phase or two-

phase reaction mixture is obtained, depending on the

solvent used for the cyclohexenone derivative Ia.

Suitable solvents for this purpose are,

for example,
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alcohols, such as methanol, ethanol and isopropanol,
aromatic hydrocarbons, such as benzene and toluene,
chlorohydrocarbons, such as chloroform and dichloro-
ethane, aliphatic hydrocarbons, such as hexane and
cyclohexane, esters, such as ethyl acetate, ethers, such
as dioxane and tetrahydrofuran, and nitriles, such as
acetonitrile.

The reaction is carried out in the presence of a
base, for example the carbonates, bicarbonates, acetates,
alcoholates, hydroxides or oxides of alkali metals and
alkaline earth metals, preferably sodium hydroxide,
potassium hydroxide, magnesium oxide or calcium oxide,
being suitable. Organic bases, for example tertiary
amines, such as triethylamine and pyridine, are also
suitable.

The cyclohexenone derivative Ia and the hydroxyl-
amine H,N-OR? or its salt are usually used in a stoichio-
metric ratio, but in some cases an excess of up to about
10 mol% of one or other component may be advantageous.
The amount of base is not critical; as a rule, an amount
from 0.5 to 2 mol, based on the amount of the hydroxyl-
amine H,N-OR?, is sufficient.

The reaction temperature is in general £from 0°C
to the boiling point of the reaction mixture, preferably
from 20 to 80°C.

Cyclohexanetriones of the formula Ic can be
prepared in a conventional manner by reacting a cyclo-
hexenone derivative Ia with an amine H,N-R%:

OH OH
=0 z
0 ‘< 0 c
I A h
N —_— I
X—c o X—c N o
e N ~ N
Y o v o

As a rule, the reaction is carried out in the homogeneous

N-R!

Rl

ooy~ Syl s =t e 0t
[ o

-
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phase in an inert solvent.

Suitable solvents are, for example, dimethyl
sulfoxide, alcohols, s8uch as methanol, ethanol and
isopropanol, aromatic hydrocarbons, such as benzene and
toluene, chlorohydrocarbons, such as chloroform and
1,2-dichloroethane, aliphatic hydrocarbons, such as
hexane and cyclchexane, esters, such as ethyl acetate,
and ethera, such as dioxane and tetrahydrofuran.

The starting materials are advantageously used in
roughly stoichiometric ratio, but in some cases an excess
of up to about 10 mol% of one or other component may be
advantageous.

In general, a reaction temperature of from 0°C to
the boiling point of the reaction mixture, preferably
from 20 to 80°C, is employed.

All of the abovementioned reactions are advan-
tageously carried out at atmospheric pressure. Lower or
higher pressure is possible but generally has no advan-
tages.

The particular reaction mixtures are worked up to
obtain the products by means of a conventional working-up
method, preferably by evaporating the mixture, parti-
tioning the residue in methylene chloride/water and
distilling off the solvent under reduced pressure.

The novel cyclohexenone derivatives can form
salts of alkali metal or alkaline earth metal compounds
and enol esters.

By treating the compounds Ia, Ib or Ic with
sodium hydroxide, potassium hydroxide, sodium alcoholate
or potassium alcohclate in aqueoue solution or in an
organic solvent, for example in an alcohol, such as
methanol or ethanol, an aromatic hydrocarbon, such as
toluene, or an aprotic solvent, such as acetone, alkali
metal salts of the cyclohexenone derivatives I can be
prepared.

Other metal salts, for example the manganese,
copper, zinc, iron, calcium, magnesium and barium salts,
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can be prepared from the sodium salts of the cyclo-
hexenone derivatives Ia or Ib in a conventional manner,
as can ammonium, phosphonium, sulfonium ox sulfoxonium
salts by means of ammonia or phosphonium, sulfonium or
sulfoxonium hydroxides.

The cyclohexenone derivatives I may be obtained
in the preparation as isomer mixtures, both E/Z isomer
mixtures and enantiomer or diastereomer mixtures being
possible. The isomer mixtures can, if desired, be separa-
ted bv the conventional methods, for example by chroma-
tography or by crystallization.

The cyclohexenone derivatives I can be represen-
ted in a plurality of tautomeric forms, and the present
invention relates to all of these.

Both as isomer mixtures and in the form of the
pure isomers, the cyclohexenone derivatives Ib are
suitable as herbicides, in particular for controlling
plant species from the Gramineae family (grasses). In
general, they are tolerated and thus selective in broad-
leaved crops and in monocotyledon plants.

Depending on the particular application method,
the cyclohexenone derivatives Ib or the agents containing
them can be used for eliminating undesirable plants in a
large number of crops, the following crops being

mentioned by way of example:
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Botanical name

Commoen name

Allium cepa

onions

Ananas comosus

pineapples

Arachis hypogaea

peanuts (groundnuts)

Asparagus officinalis

asparagus

Beta vulgaris spp. altissima

sugarbeets

Beta vulgaris spp. rapa

fodder beets

Brassica napus var. napus

rapeseed

Brassica napus var. napobrassica

swedes

Brassica rapa var. silvestris

turnip rape

Camellia sinensis

tea plants

Carthamus tinctorius

safflower

Carya illinoinensis

pecan trees

Citrus limon

lemons

Citrus sinensis

orange trees

Coffea arabica (Coffea,
canephora, Coffea liberica)

coffee plants

Cucumis sativus cucumbers
Cynodon dactylon Bermudagrass
Daucus carota carrots
Elaeie [sic] guineensis oil palms
Fragaria vesca strawberries
Glycine max soybeans
Gossypium hirsutum (Gossypium cotton
arboreum, Gossypium herbaceum,

Gossypium vitifolium)

Helianthus annuus sunflowers

Hevea brasiliensis

rubber plants

Hordeum vulgare

barley

Humulus lupulus

hops

Ipomoea batatas

sweet. potatoes

Juglans regia

walnut trees

Lactuca sativa

lettuce

Lens culinaris

lentils

o — —cpinn.
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Botanical name

Common name

Linum usitatissimum

flax

Lycopersicon lycopersicum

tomatoes

Malus spp.

apple trees

Manihot esculenta

cassava

Medicago sativa

alfalfa (lucerne)

Musa spp.

banana plants

Nicotiana tabacum (N. rustica)

tobacco

Olea europaea

olive trees

Phaseolus lunatus

limabeans

Phaseolus vulgaris

snapbeans, green
beans, dry beans

Picea abies

Norway spruce.

Pinus spp.

pine trees

Pisum sativum

English peas

Prunus avium

cherry trees

Prunus persica

peach trees

Pyrus communis

pear trees

Ribes sylvestre

redcurrants

Ricinus communis

castor-oil plants

Saccharum officinarum

sugar cane

Secale cereale

rye

Solanum tuberosum

Irich potatoes

Sorghum bicolor (S. vulgare)

sorghum

Theobroma cacao

cacao plants

Trifolium pratense

red clover

Triticum aestivum

wheat

Triticum durum

durum wheat

Vicia faba tick beans
Vitis vinifera grapes
Zea mays Indian corn, sweet

corn, mailze

P
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The cyclohexenone compounds of the formula Ia and
Ic may influence the various plant development stages,
and are therefore used as growth regulators. The
diversity of action of the plant growth regulators
depends especially on

a) the type and variety of plants,

b) the time applied, with reference to the develop-
ment stage of the plants, and the time of the year,

c¢) the place and method of application (eg. seed
treatment, soil treatment, application to foliage, or
trunk injection in the case of trees),

d) climatic factors (eg. temperature, amount of
precipitation, and also daylength and light intensity),
e) soil conditions (including fertilization),

£) the formulation or application form of the active
ingredient, and

g) the concentrations at which the active ingredi-
ents are applied.

A description of some of the wvarious possibi-

lities of using the plant growth regulators of the
formula I according to the invention in agriculture and
horticulture is given below.
A, The compounds which can be used according to the
invention allow vegetative plant growth to be inhibited
to a considerable extent, a fact which is manifested
particularly in a reduction in plant height. The treated
plante thus have a compact habit; furthermore, the leaf
color is darker.

A practical advantage is a reduction in grass
growth on roadsides, hedges, canal embankments and in
grassy areas such as parks, sportsgrounds, £ruit
orchards, lawns and airfields, thus reducing expensive
and time-consuming mowing.

A further feature of economic interest is the
increase in the rigor of crops which tend to lodge, such
as cereals, Indian corn, sunflowers and soybeans. The
shortening and strengthening of the stem thus caused

———
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reduces or eliminates the danger of 1lodging under
unfavorable weather conditions before harvesting.

The use of growth regulators is also important
for inhibiting plant height and changing the time of
ripening in cotton. It is thus possible for this impor-
tant crop to be harvested completely mechanically.

Costs relating to the pruning of fruit trees and
other trees can be reduced with the growth regulators.
Growth regulators can also be used to break up the
alternate breeding rhythm of fruit trees.

Growth regulators may also increase or inhibit
lateral branching of the plants. This is of interest
when, for instance in tobacco plants, it is desired to
inhibit the formation of lateral shoots (suckers) in
favor of leaf growth.

Growth regulators also considerably increase the
resistance of, for example, winter rape to frost. On the
one hand, upward growth and the development of a too
luxuriant (and thus particularly frost-susceptible) leaf
or plant mass are inhibited; on the other, after sowing
and before the onset of winter frosts, the young rape
plants are kept in the vegetative development stage in
spite of favorable growth conditions. The danger of
freeze injury is thus also eliminated in plants which
tend to lose prematurely their inhibition to bloom and
pass into the generative phase. In other crops, too, eg.
winter cereals, it is advantageous if the plants are well
tillered in the £fall as a result of treatment with
compounds according to the invention, but enter winter
with not too lush a growth. This is a preventive measure
against increased susceptibility to freeze injury and -
because of the relatively low leaf or plant mass - attack
by various (especially fungal) diseases. The inhibition
of vegetative growth also makes closer planting possible
in numerous crops, which means an increase in yield,
based on the nrea cropped.

B. Better yields both of plant parts and plant
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materials may be obtained with the growth regulators. It
is thus for instance possible to induce increased forma-
tion of buds, blossom, leaves, fruit, seed grains, roots
and tubers, to increase the sugar content of sugarbeets,
sugarcane and citrus fruit, to raise the protein content
of cereals and soybeans, and to stimulate the increased
formation of latex in rubber trees.

The compounds of the formula I may raise the
yield by influencing plant metabolism or by promoting or
inhibiting vegetative and/or generative growth.

c. Finally, it is also possible with plant growth
regulators to shorten or lengthen development stage& and
to accelerate or retard the ripening process in the
harvested plant parts either before or after harvesting.

A factor of economic interest is for example the

facilitation of harvesting inade possible by a temporally
concentrated locsening (abscission) or reduction of the
adherence of stalks to the branches of citrus €£fruit,
olive trees, and other kinds of pomes, drupes and indehi-
scent fruit. The same mechanism, ie. promotion of the
formation of separation layers between fruit or leaf and
stem of the plant, is also essential for a readily
controllable defoliation of crop plants, eg. cotton.
D. Furthermore, transpiration in plants may be
reduced with growth regulators. This is particularly
important for agriculturally viable areas which are
expensive to irrigate by artificial means, eg. arid or
semi-arid areas. Irrigation frequency can be reduced by
using the ingredients according to the invention, making
for lower costs. Under the influence of growth regula-
tors, the water available can be better utilized,
because, inter alia,

- the size of the stomata opening is reduced,

- a thicker epidermis and cuticle are formed,

- penetration o¢f the s8o0il by the roots is

improved, and

- the microclimate in the stand is favorably
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influenced by a more compact growth.

The cyclohexenone compounds Ia and Ic are parti-
cularly suitable for shortening stem length in crops such
as barley, rape and wheat.

The growth regulators of the formula Ia and Ic to
be used according to the invention may be applied to the
crops not only via the seed (as a dressing), but also via
the so0il, ie. through the roots, and - particularly
preferably - via the foliage by spraying.

As a result of the active ingredient being well
tolerated by plants, the application rate is anot
critical. The optimum application rate varies, depending
on the objective to be achieved, the time of the year,
the plants to be controlled and the growth stage.

Tlie active ingredients Ia, Ib and Ic may be
applied as such, in the form of their formulations or the
application forms prepared therefrom, for instance in the
form of directly sprayable solutions, powders, suspen-
sions, dispersions, emulsions, oil dispersions, pastes,
dusts, broadcasting agents or granules by spraying,
atomizing, dusting, broadcasting or watering. The forms
of application depend entirely on the intended uses, but
they must in any event ensure as fire a distribution of
the active ingredients according to the invention as
possible.

The formulations are produced in known manner,
for example by extending the active ingredient with
solvents and/or carriers, with or without the use of
emulsifiers and dispersants; if water is used as diluent,
it is also possible to employ other organic solvents as
auxiliary solvents. Suitable inert auxiliaries for this
purpmse are in the main: mineral oil fractions of medium
to high boiling point, such as kerosene and diesel oil,
coal-tar oils and oils of wvegetable or animal origin;
solvents such as aromatics (eg. xylene, toluene), chlori-
nated aromatics (eg. chlorobenzenes), paraffins (eg.
crude oil fractions), alcohols (eg. methanol, ethannl,
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butanol, cyclohexanol), ketones (eg. cyclohexanone,
isophorone), amines (eg. ethanolamine, N,N-dimethyl-
formamide, N-methylpyrrolidone) and water; carriers such
as ground natural minerals (eg. kaolins, aluminas, talc,
chalk) and ground synthetic materials (eg. highly
disperse silica, silicates); emulsifiers such as nonionic
and anionic emulsifiers (eg. polyoxyethylene-fatty
alcohol ethers, alkylsulfonates and arylsulfonates); and
dispersants such as lignin-sulfite waste liquors and
methylcellulose.

Aqueous application forms may be prepared from
emulsion concentrates, dispersions, pastes, wettable
powders or water-dispersible granules by adding water. To
prepare emulsions, pastes or oil dispersions, the
substrates [sic] as such or dissolved in an o0il or
solvent may be homogenized in water by means of wetting
agents, adherents, dispersants or emulsifiers. Further-
more, however, concentrates which are suitable for
dilution with water may be prepared from active ingre-
dient, wetting agent, adherent, dispersant or emulsifier
and possibly a solvent or oil.

Examples of surfactants are alkali metal,
alkaline earth metal and ammonium salts of aromatic
sulfonic acids, eg. ligninsulfonic acid, phenolsulfonic
acid, naphthalenesulfonic acid and dibutylnaphthalene-
sulfonic acid, and of fatty acids, and alkylsulfonates,
alkylarylsulfonates, alkylsulfates, lauryl ether
sulfates, fatty alcohol sulfates, salts of sulfated
hexadecanols, heptadecanols and octadecanols, salts of
fatty alcohol glycol ethers, condensation products of
sulfonated naphthalene and napthalene derivatives with
formaldehyde, condensation products of naphthalene or
naphthalenesulfonic acids with phenol and formaldehyde,
polyoxyethylene octylphenol ethers, ethoxylated isooctyl-
phenol, octylphenol or nonylphenol, alkylphenol poly-
glycol ethers, tributylphenyl polyglycol ethers, alkyl-
aryl polyether alcohols, isotridecyl alcohol, £fatty
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alcoholethylene oxide condensates, ethoxylated castor
oil, polyoxyethylene alkyl ethers or polyoxypropylene,
lauryl alcohol polyglycol ether acetate [sic], sorbitol
esters, lignin-sulfite waste liquors and methylcellulose.
Powders, dusts and broadcasting agents may be
prepared by mixing or grinding the active ingredients
together with a solid carrier. '
Granules, e.g., coated, impregnated or homo-
geneous granules, may be prepared by bonding the active
ingredients to so0lid carriers. Examples of solid carriers
are mineral earths such as silica gel, silicic acids,
silica gels [sic], silicates, talec, kaolin, limestone,
lime, chalk, bole, loess, clay, dolomite, diatomaceous
earth, calcium sulfate, magnesium sulfate and magnesium
oxide, ground plastics, fertilizers such as ammonium
sulfate, ammonium phosphate, ammonium nitrate and ureas,
and vegetable products such as grain meals, bark meal,
wood meal, nutshell meal and cellulosic powders, etc.
The concentrations of active ingredients Ia, Ib
and Ic in the ready-to-use formulations may vary within

wide ranges - from about 0.01 to 95, preferably from 0.5

to 90, % by weight of active ingredient. The active

ingredients are used in a purity of 90 to 100, preferably

95 to 100, % (based on the NMR spectrum).

Examples of such formulations are given below:

I. A solution of 90 parts by weight of compound
No. 1.1 and 10 parts by weight of N-methyl-a-
pyrrolidone [sic], which is suitable for applica-
tion in the form of very fine drops.

II. A mixture of 20 parts by weight of compound
No. 1.2, 80 parts by weight of xylene, 10 parts
by weight of the adduct of 8 to 10 moles of
ethylene oxide and 1 mole of oleic acid N-mono-
ethanolamide, 5 parts by weight of the calcium
sBalt of dodecylbenzenesulfonic acid, and 5 parts
by weight of the adduct and [sic] 40 moles of
ethylene oxide and 1 mole of castor oil. By

s v = g — ——C
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finely dispersing the mixture in 100,000 parts by
weight of water, a dispersion containing 0.02 %
by weight of the active ingredient is obtained.
An aqueous dispersion of 20 parts by weight of
compound No. 1.1, 40 parts by weight of cyclo-
hexanone, 30 parts by weight of isobutanol, 20
parts by weight of the adduct of 40 moles of
ethylene oxide and 1 mole of castor oil. A mix-
ture of this dispersion with 100,000 parts by
weight of water contains 0.02 % by weight of the
active ingredient.

An aqueous dispersion of 20 parts by weight of
compound No. 1.2, 25 parts by weight of cyclo-
hexanol, 65 parts by weight of a mineral oil
fraction having a boiling point of from 210 to
280°C, and 10 parts by weight of the adduct of
40 moles of ethylene oxide and 1 mole of castor
oil. A mixture of this dispersion with 100,000
parts by weight of water contains 0.02 % by
weight of the active ingredient.

A hammer-milled mixture of 80 parts by weight of
compound No. 1.1, 3 parts by weight of the sodium
salt of diisobutylnapthalene-a-sulfonic [sic]
acid, 10 parts by weight of the sodium salt of a
lignin-sulfonic acid obtained from a sulfite
waste liquor, and 7 parts by weight of powdered
silica gel. By finely dispersing the mixture in
20,000 parts by weight of water, a spray liquor
containing 0.1 % by weight of the active ingre-
dient is obtained.

An intimate mixture of 3 parts by weight of
compound No. 1.2 and 97 parts by weight of parti-
culate kaolin. This dust contains 3 % by weight
of the active ingredient.

An intimate mixture of 30 parts by weight of
compound No. 1.1, 92 parts by weight of powdered
silica gel and 8 parts by weight of paraffin oil
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sprayed onto the surface of this silica gel. This

formulation gives the active ingredient good

adherence.

VIII. A stable aqueous dispersion of 40 parts by weight
of compound No. 1.2, 10 parts by weight of the
sodium salt of a phenolsulfonic acid-urea-
formaldehyde condensate, 2 parts by weight of
silica gel and 48 parts by weight of water, which
dispersion can be further diluted.

IX. A stable oily dispersion of 20 parts by weight of
compound No. 1.1, 2 parts by weight of the
calcium salt of dodecylbenzenesulfonic acid, 8
parts by weight of a fatty alcohol polyglycol
ether, 20 parts by weight of the sodium salt of
a phenolsulfonic acid-urea-formaldehyde conden-
sate and 68 parts by weight of a paraffinic
mineral oil.

X. A hammer-milled mixture of 10 parts by weight of
compound No. 1.2, 4 parts by weight of the sodium
salt of diisobutylnaphthalene-a-sulfonic [sic]
acid, 20 parts by weight of the sodium salt of a
lignin-sulfonic acid obtained from a sulfite
waste liquor, 38 parts by weight of silica gel
and 38 parts by weight of kaolin. By finely
dispersing the mixture in 10,000 parts by weight
of water, a spray liquor containing 0.1 % by
weight of the active ingredient is obtained.

The active ingredients or the herbicidal and
plant growth-regulating agents may be applied pre- or
postemergence. Normally, the plants are sprayed or dusted
with the active ingredients or the seeds of the test
plants are treated with the active ingredients. If the
active ingredients are less well tolerated by certain
crops, application techniques may be used in which the
herbicidal agents are sprayed from suitable equipment in
such a manner that the leaves of sensitive crops are if
possible not affected, while the active ingredients reach
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undesirable plants growing beneath the crops or the
uncovered soil surface (post-directed, lay-by treatment).

Depending on the objective to be achieved, the
time of the year, the plants to be controlled and their
growth stage, the active ingredient is applied at rates
of from 0.C01 to 5.0, preferably 0.01 to 2, kg/ha.

To increases the spectrum of action and to
achieve synergistic effects, the cyclohexenone deriva-
tives I may be mixed and applied together with numerous
representatives of other herbicidal or growth-regulating
active ingredient groups. Examples of suitable components
are diazines, 4H-3,l-benzoxazinz derivatives, benzothia-
diazinones, 2,6~dinitroanilines, N-phenylcarbamates,
thiolcarbamates, halocarboxylic acids, triazines, amides,
ureas, diphenyl ethers, triazinones, uracils, benzofuran
derivatives, cyclohexane-1,3-dione derivatives bearing,
for example, a carboxy or carbimino group in the 2-
position, quinolinecarboxylic acid derivatives, imida-
zolinones, sulfonamides, sulfonylureas, (het)aryloxyphe-
noxypropionic acids and salts, esterg and amides thereof,
etc.

The cyclohexenone derivatives Ia, Ib and Ic may
also be applied together with other crop protection
agents such as herbicides, growth regulators, pesticides,
fungicides and bactericides. These agents may be added to
the agentsa according to the invention in a weight ratio
of from 1:100 to 100:1, if desired immediately prior to
use (tankmix). It may also be of interest to mix the
compounds with solutions of mineral salts used to remedy
nutritional or trace element deficiencies. Non-phytotoxic
oils and oil concentrates may also be added.

Preparation examples

Example 1

Diethyl 4-cyclopropylcarbonyl-3,5-dioxocyclohexane-1,1-
dicarboxylate (compound No. 1.1)

0.1 g of dimethylaminopyridine were [sic] added
to a solution of 1.2 g of diethyl 3-cyclopropylcarbonyl-
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oxy-5-oxocyclohex-3-ene-1,l-dicarboxylate in 20 ml of
dichloromethane. The reaction mixture was then stirred at
20-25°C for 4 days. The solvent was then removed under
reduced pressure and the residue was purified chromato-
graphically (developer: cyclohexane/ethyl acetate 8:2 to
1:2). Yield: 0.6 g.
Preliminary stage 1la)
Ethyl 2-carbethoxy-4-oxo-valerate

While stirring rapidly, 15 g (0.162 mol) of
chloroacetone were added dropwise to a mixture of 9 g
(0.162 mol) of £finely powdered potassium hydroxide,
24.7 ml (0.162 mol) of diethyl malonate, approx. 0.2 g of
benzyltriethylammonium chlocride and 150 ml of dimethyl-
formamide. Upon completion of the exothermic reaction,
the mixture was stirred for a further 2 to 3 hours at
45°C and then allowed to cool to 20-25°C. The reaction
products were then partitioned between ethyl acetate and
water, after which the organic phase was washed 3 times,
each time with 100 ml of water, dried over sodium sulfate
and evaporated down. Yield: 30.6 g of an oil which
contains about 61 % of the product according to analysis
by gas chromatography. The product was purified by
fractional distillation (bpg,; u 5y 87 - 88°C).

H-NMR (in CDCl,; TMS as internal standard):
6 = 1.3 ppm (t,6H); 2.2 ppm (8,3H); 3.08 ppm (d,2H);
3.88 ppm (t,1H); 4.22 ppm (q,4H).
Preliminary stage 1b)
Ethyl 3,3-biscarbethoxy-5-oxo-hexanecarboxylate

4 ml (0.037 mol) of ethyl chloroacetate were
added dropwise to a suspension of 2.1 g (0.037 mol) of
finely powdered potassium hydroxide, 8 g (0.037 mol) of
ethyl 2-carbethoxy-4-oxo-valerate, approx. 0.1 g of
benzyltriethylammonium chloride and 150 ml of dimethyl-
formamide. After about 15 hours’ stirring at 20-25°C,
2ml (0.017 mol) of ethyl chloroacetate and 1l g
(0.016 mol) of potassium hydroxide were again added to
complete the reaction. The mixture was again stirred at
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20-25°C for 2 hours, after which the reaction products
were partitioned between ethyl acetate and 20 % strength
by weight ammonium chloride solution. The oxganic phase
was washed twice, each time with 50 ml of 20 % strength
by weight ammonium chloride solution, then dried and
evaporated down. Yield: 9.5 g of an oil containing 91 %
of the product. Purification was effected by fractional
distillation (bpg,; m syt 135°C).

H-NMR (in CDCl,; TMS as internal standard):
1.25 ppm (t,9H); 2.15 ppm (s8,3H); 3.13 ppm (8,2H),
3.35 ppm (8,2H); 4.05-4.3 ppm (m,6H).
Preliminary stage lc)
5,5-Biscarbethoxy-cyclohexane-1, 3-dione

A solution of 14.3 g (0.047 mol) of ethyl 3,3-
biscarbethoxy-5-oxo-hexanecarboxylate in 40 ml of
dimethylformamide was added dropwise to a suspension of
3.6 g (0.118 mol) of 80 % strength by weight sodium
hydride in 200 ml of dimethylformamide. After stirring at
20-25°C for about 15 hours, the reaction was stopped by
adding 5 ml of isopropanol. The reaction products were
partitioned between ethyl acetate and 1 molar hydro-
chloric acid. The organic phase was then separated, dried
and evaporated down. Yield: 2.2 g of a crude product oil.

‘H-NMR (in CDCl,; TMS as internal standard);
6 = 1.28 ppm (t,6H); 2.98 ppm (8,4H); 4.25 ppm (q,4H);
5.5 ppm (s8,1H); 9.2 ppm (bs,1H).
Preliminary stage 1d)
Diethyl 3-cyclopropylcarbonyloxy-5-oxo-~cyclohex-3~-ene~
1,1-dicarboxylate

0.94 g (9.4 mmol) of triethylamine was added to
a solution of 2.4 g (9.4 mmol) of 5,5-biscarbethoxy-
cyclohexane-1l,3-dione in 25 ml of anhydrous tetrahydro-
furan. A solution of 0.98 g (9.4 mmol) of cyclopropane-
carboxylic chloride in 5 ml of tetrahydrofuran was added
dropwise to this mixture at 0 to 10°C. After the mixture
had been stirred at 0 to 10°C for about 1 hour, no more
starting material could be detected by thin-layer
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chromatography. Subsequently, the solvent was removed and
the residue was taken up in ethyl acetate. The organic
phase was washed twice with 1 % strength acetic acid and
twice with water, dried and evaporated down. The tube
[sic] product was purified chromatographically
(developer: cyclohexane/ethyl acetate 8:2). Yield: 1.2 g.

Table 1 below lists further compounds I which
were, or can be, prepared in the same manner.

o

pCaps:




Table 1

=0
) c
" R Ia
X—c o
-
Y
No. R X Y 'H-NMR (6 [ppm], in CDC1,)
1.1 cyclepropyl O-ethyl O-ethyl 1.15 (m,2H); 1.27 (t,3H); 1.3 (m,2H);
3.0 (s,2H); 3.18 (s8,2H); 3.55 (m,1H);
4.25 (q,4H);
1.2 ethyl O-ethyl O-ethyl 1.1 (¢£,3H); 1.25 (t,6H); 2.96 (s,2H);
3.08 (q,2H); 3.18 (s,2H); 4.25 (q,4H);
1.3 ethyl O-methyl O-methyl 1.14 (£,3H); 2.99 (8,2H); 3.07 (g,2H);
3.21 (s,2H); 3.78 (s,6H);
1.4 methyl O-methyl O-methyl 2.59 (s,3H); 2.98 (s,2H); 3.2 (s8,2H);
3.75 (s,6H);
1.5 cyclopropyl O-methyl O-methyl 1.17 (m,2H); 1.33 (m,2H), 3.02 (8,2H):
3.18 (s,2H); 3.55 (m,1H); 3.77 (s,6H):;
1.6 propyl O-methyl O-methyl 0.97 (t,3H); 1.62 (m,2H); 2.97 (m,4H):;
3.2 (8,2H); 3.76 (8,6H);
1.7 4-chlorophenyl O-methyl O-methyl 3.13 (bs,4H); 3.83 (s8,6H), 7.4 (4,2H):;
7,48 (4,2H):;
1.8 4-chloro-2- O-methyl O-methyl 2.84 (s,2H); 3.33 (8,2H); 3.79 (8,6H);
nitrophenyl 7.21 (4,1E); 7.68 (d4,1H); 8.19 (d4,1H);
1.9 4-chlorophenyl OH O-methyl 3.0 (bs,4H); 3.74 (s8,3H), 7.55 (4,3H):;
7.69 (4,2H);
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Tanle 2

OH
= N-R2
0 C\\.Rl
] where X and Y are each O-methyl
X—c o
-7
Y (0]
No. R? R? H-NMR
i 2.1 methyl i-propyl 1.29 (d4,6H); 2.56 (s,3H); 2.99 (s8,4H), 3.73 (8,6H); 3.97
(m, 1H) ;
2.2 methyl i-butyl 1.09 (4,6H); 1.96 (m,1H); 2.52 (8,3H): 2.98 (s8,4H); 3.22
(t,2H); 3.74 (s8,6H);
2.3 methyl s-butyl 0.96 (t,3H); 1.26 (d,3H); 1.65 (m,2H); 2.53 (s,3H); 3.0
(s,4H); 3.73 (m,7H);
2.4 ethyl i-propyl 1.19 (s,3H); 1.3 (4,6H); 2.99 (s,4H); 3.02 (g,2H); 3.75
(s,6H), 4.06 (m,1H);
2.5 ethyl s-butyl 0.95 (t,3H); 1.17 (t,3H); 1.28 (d,3H); 1.64 (m,2H); 2.99
(m,6H); 3.72 (s,6H);
2.6 ethyl i-butyl 1.04 (4,6H), 1.17 (t,3H); 1.98 (m,1B); 3.0 (m,6H); 3.25
(m,2H); 3.75 (8,6H);
2.7 propyl i-propyl 1.04 (t,3H); 1.29 (4,6H); 1.52 (m,2H); 2.96 (m,6H); 3.75
(s,6H); 3.95 (m,1H):;
2.8 propyl s-butyl 0.94 (m,3H); 1.05 (t,3H); 1.28 (4,3H); 1.62 (m,4H); 2.97
(m,6H); 3.72 (m,7H):;
2.9 propyl i-butyl 0.94 (m,3H); 1.05 (4,6H); 1.54 (m,2H); 1.96 (m,1H); 2.94
(m,2H); 2.97 (s,4H); 3.25 (m,2H); 3.73 (s8,6H);
2.10 methyl benzyl 2.69 (8,3H); 2.99 (s8,4H); 3.73 (s8,6H); 4.58 (4,2H); 7.27
(m, 5H)
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Table 3

OH
4N~OR2
(]
(0] \\R1
I where X and Y are each O-metkyl
— AN
X (od o
4
~ A
Y "o
No. R* R? IH-NMR
3.1 methyl |ethyl 1.32 (s,3H); 2.39 (s,3H); 3.02 (s,4H); 3.78 (s,6H);
4.11 (qg.2E);
3.2 methyl [allyl 2.38 (s,3H); 2.92 (bs,2H); 3.13 (bs,2H); 3.74
(s,6H); 4.52 (4,2H); 5.38 (m,2H), 5.98 (m,1H):;
3.3 methyl t-chloroallyl 2.34 (s,3H); 3.03 (bs,4H); 3.74 (s,6H), 4.54
(d,2H); 6.11 (m,1H); 6.32 (d,1H);
3.4 methyl 2~ (4-chlorophenoxy)propyl {1.34 (4,3H); 2.29 (s8,3H); 2.9 (bs,2H); 3.14
(bs,2H), 3.75 (s8,6H); 4.19 (m,2H); 4.59 (m,1H);
6.87 (d,2H); 7.20 (4,2H);
3.5 ethyl ethyl 1.1 (t,3H); 1.34 (t,3H); 2.97 (qg,2H); 3.04 (m,4H);
3.75 (8,6H); 4.1 (q,2H) )
3.6 ethyl allyl 1.09 (£,3H); 2.9 (g,2H); 3.78 (8,6H); 4.54 (4,2H);
5.35 (m,2H); 5.92 (m,1H);
3.7 ethyl t-chloroallyl 1.07 (t,3H):; 2.86 (g,2H); 3.74 (8,6H); 4.5 (4,2H);
6.12 {(m,1H); 6.34 (4,1H);
3.8 ethyl 2~ (4-chlorophenoxy)propyl |1.04 (t,3H); 1.33 (4,3H); 2.82 (q,2H); 2.94 (m,2H);
3.16 (m,2H); 3.78 (s,6H); 4.2 (m,2H); 4.6 (m,1H);
6.88 (d,2H); 7.2 (4,2H);
3.9 propyl ethyl 0.95 (t,3H); 1.34 (t,3H); 1.5 (m,2H); 2.94 (m,2H);
3.04 (s,4H); 3.74 (s8,6H); 4.13 (qg.,2H);
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No. R R® 1H-NMR

3.10 propyl alkyl 0.94 (t,3H); 1.5 (m,2H); 2.93 (m,2H); 3.04 (bs,4H):;
3.79 (s,6H); 4.55 (4,2H); 5.38 (m,2H); 5.97 (m,1H);

3.11 propyl t-chloroalkyl 0.92 (t,3H); 1.46 (m,2H); 2.9 (m,4H); 3.15 (m,2H);
3.76 (s,6H); 4.52 (4,2H); 6.09 (m,1H); 6.33 (4,1H);

3.12 propyl 2-(4-chlorophenoxy)propyl {0.87 (t,3H); 1.31 (4,3H); 1.45 (m,2H); 2.9 (m,4H);

3.14 (m,2H);
6.83 (d,2H):;

3.76 (s,6H):;
7.2 (4,2H):

4.19 (m,2H):

4.60 (m,1H);
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Use examples

The herbicidal and plant growth-regulating action
of the substituted cyclohexenones I, Ta and Ib is demon-
strated by greenhouse experiments:

The plants were grown in plastic £flowerpots
containing sandy loam with about 3.0 % humus as
substrate. The 8eeds of the test plants were sown
separately, according to species.

For the preemergence treatment, the active
ingredients, suspended or emulsified in water, were
applied directly after sowing by means of finely distri-
buting nozzles. The pots were lightly sprinkler-irrigated
to induce germination and growth. Transparent plastic
covers were then placed on the pots until the plants had
taken root. These covers ensured uniform germination of
the test plants, insofar as this was not impaired by the
active ingredients.

For the postemergence treatment, the test plants
were either grown in the pots or transplanted to them a
few days before treatment. Depending on the growth form,
the plants were grown to a height of from 3 to 15 cm
before being treated with the active ingredients,
suspended or emulsified in water.

The plants were kept at temperaivrces of 10-25°C
or 20-35°C as appropriate to the particular species. The
experiments were run for from 2 to 4 weeks. During this
period, the plants were tended and their reactions to the
various treatments assessed. They were assessed on a
scale of from 0 to 100, 100 denoting nonemergence of the
plants or complete destruction of at least the parts
above ground, and 0 denoting no damage or normal growth.

The plants used in the greenhouse experiments
were made up of the following species:
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Abbreviation [Latin name Common name

ECHCG Echinochloa crus-galli |barnyardgrass

BROSS Bromus spp. brome species

SETIT Setaria italica foxtail millet

Examples 3.6 and 3.7, applied postemergence at a
rate of 3 kg of active ingredient per hectare, provided
excellent control of undesirable plants.

The growth-regulating action of the compounds of
the general formula I was demonstrated by the following
experiments:

The active ingredients were formulated either

a) as a 0.1 % strength by weight solution in
acetone, or

b) as a 10 % strength by weight emulsion in a
mixture of 70 % by weight of cyclohexanol, 20 % by weight
of Nekanil® LN (Lutensol® AP6, a wetting agent with an
emulsifying and dispersing action based on ethoxylated
alkylpkenols) and 10 % by weight of Emulphor® EL (Emulan®
EL, an emulsifier based on ethoxylated fatty alcohols)
and diluted to the desired concentration with acetone in
the case of a) and with water in the case of b).

At the end of the experiment, the growth height
of the treated plants was measured and compared with that
of untreated plants. The comparative substance used for
assessing the growth-regulating action was N-(2-chloro-
ethyl) -N,N,N-trimethylamonium [sic] chloride (comparative
compound A) .

The following tables show by way ~Ff example the
stem shortening of rape, barley and wheat plants treated
with cyclohexenone derivatives 1.1 to 1.6 and 2.1, 2.3,
2,5 to 2.8:

ro—

—_—




10

15

20

- 39

0.2.

0050/42780

Test plants and relative growth height®

Winter rape

Spring barley

Spring wheat

Comp. Appl. rate "Librador" "Alexis" "star"®
No. [kg/ha] variety variety variety
1.1 0.75 74 74 92
1.2 0.75 87 74 92

A 0.75 94 106 92
1.1 0.38 74 88 92
1.2 0.38 94 92 98
A 0.38 101 106 92

*) 100 - no effect

Test plants and relative growth height®

Winter rape

Spring barley

Spring wheat

Comp . Appl. rate "Libradoxr" "Alexis" wstar"
No. [kg/ha] variaty variety variety
cce 3 15 92 97
1.3 1.5 75 68 86
1.4 1.5 69 82 93
1.5 1.5 56 71 86
1.6 1.5 69 78 S0
2.1 1.5 75 78 97
2.3 1.5 8l 82 97
2.5 1.5 88 75 86
2.6 1.5 88 68 86
2.7 1.5 81 92 93
2.8 1.5 8l 92 100

*) 100 = no effect

« e i— DT
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We claim:
1. Cyclohexenone derivatives of the general formula I

>

OH

where the variables have the following meanings:

R? a C,~C,-alkyl group, a C,-C,,-alkenyl group, a
C,-C,,-alkynyl group, a C,~C,-cycloalkyl group, a
C,-C,~alkoxy-C,-C,~alkyl group, a C,-C,~alkylthio-
C,-C,~alkyl group, the phenyl or benzyl group or a
5- or 6-membered hetaryl group having one or two
heteroatoms selected from a group consisting of
nitrogen, oxygen and sulfur, where the aromatic and
heterocaromatic rings may furthermore carry from one
to three radicals selected from a group consisting
of nitro, cyano, halogen, C,-C,~-alkyl, C,-C,~halo-
alkyl, cC,-C,-alkoxy, C,-C,~alkylsulfinyl and C,-C,-
alkylsulfonyl;

e W oxygen, =N-OR? or =N-R®, where

' R? is a C,-C4-alkyl, C,-Cs~alkenyl or C,-C¢~alkynyl
radical, where these radicals may furthermore

: carry from one to three substituents selected

: E from- a group consisting of halogen, C,-C,-

alkyl, C,-C,~alkoxy, phenyl and 5- or 6-
e membered hetaryl having one or two heterocatoms
'::E', selected from a group consisting of nitrogen,

“ oxygen and sulfur, and the phenyl and hetaryl

! substituents in turn may.furthermore carry from

' one to three radicals selected from a group

consisting wowf nitro, halogen, C,-C,~-alkyl,

;' C,-C,~haloalkyl, C,;-C,~alkoxy and Cy~C,-
haloalkoxy;

] a 3- to f&-membered alkyl chain or a 4- to

g
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6-membered alkenyl or alkynyl chain, where one
chain member in each case is replaced with
oxygen, sulfur or =-SO-, =-S0,- or -N(R?)- and
the chain may furthermore additionally carry
from one to three substituents selected from a
group consisting of halogen, C,-C,-alkyl, C,-C,-
alkoxy, phenyl and 5- or 6-membered hetaryl
having one or twc heteroatoms selected from a
group consisting of nitrogen, oxygen and
sulfur, and the phenyl and hetaryl substituents
may in turn furthermore carry from one to three
radicals selected from a group consisting of
nitro, halogen, (,-C,~alkyl, C,-C,~halocalkyl,
C,-C,~alkoxy and Cl-C4-haloalk6xy, where
R® is hydrogen, C,-C,~alkyl, C,-C,-alkenyl,
C,-C¢-alkynyl, C,-C¢-alkylcarbonyl or
benzoyl; :
hydrogen, a C,-Ci-alkyl radical, a hydroxy-
c,-C,~alkyl, (C,-C,-alkoxy-C,-C,~alkyl or C,-C,-
alkylthio-C,-C,~-alkyl radical, the phenyl or
benzyl radical, where the aromatic rings may
furthermore carry from one to three sub-
stituents selected from a group consisting of
nitro, halogen, C,-C,~alkyl, C,-C,~haloalkyl and
C,~C,~alkoxy;
a group -OR' or -NR°R¢, where
is+ hydrogen, a C,-C¢-alkyl, C,-C¢-alkenyl,
C,~C¢-alkynyl, C,-C,-alkoxy-C,-C,~alkyl or C,-C,-
alkylthio-C,-C,~alkyl radical,
is hydrogen, a C(C,-C¢-alkyl, C,;-Ci-alkenyl,
C,-C¢~alkynyl, hydroxy-C,-C,~alkyl, C,~C,~alkoxy-
C,-C,~alkyl or C,~-C,~alkylthio-C,-C,~alkyl
radical and
is hydrogen, a C,-C¢~-alkyl, C,-Ci~alkenyl,
C,-C¢-alkynyl, hydroxy-C,-C,~alkyl, C,~-C,~alkoxy-
Cy~ or C,-alkyl, C,~C,~alkylthio-C,- or C,-alkyl
or C;-C¢-alkylcarbonyl radical or the benzoyl
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radical which may furthermore carry from one to
three substituents selected from a group con-

» s8isting of nitro, cyano, halogen, C,~C,~alkyl,
¢,~C,~haloalkyl, C,~C,~alkoxy and C,~-C,~alkyl-
thio, or :

R’ and R, together with the nitrogen atom to which
they are bonded, may form a 5- or 6-membered
heterocyclic structure which may contain an
oxygen or sulfur atom or a group =-N(R’)- as a
ring member, where
R’ is hydrogen, C,-C,~alkyl, C,-Cs~alkenyl,

C,-C¢—-alkynyl, C,~C¢—alkylcarbonyl or
benzoyl,

and the agriculturally useful salts of I and the esters

of I with C,-C,,~carboxylic acids or inorganic acids.

2. A process for the preparation of cyclohexenone

derivatives of the formula Ia

OH
40
o} < C\ 7\
I R Ia
X —C )
y/CQO

where the variables have the following meanings:

R! a C,-C,~alkyl group, a C,-C,,~-alkenyl group, a
C,-C,-alkynyl group, a C,-C,~cycloalkyl group, a
¢,~C,~alkoxy-C,-C,~alkyl group, a C,-C,~alkylthio-
C,-C,~alkyl group, the phenyl or benzyl group or a
5- or 6-membered hetaryl group having one or two
heteroatoms selected from a group consisting of
nitrogen, oxygen and sulfur, where the aromatic and
heteroaromatic rings may furthermore carry from one
to three radicals selected from a group consisting

C,~C,~alkyl, C,~-C,-

C,-C,~alkylsulfinyl and

of nitro,
haloalkyl, C,~-C,~alkoxy,
C,-C,~alkylsulfonyl;

cyano, halogen,
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‘X, Y a group -OR! or -NR°R¢, where

R¢ is hydrogen, a C,-Cs-alkyl, C,-C.,-alkenyl,
C,-C¢-alkynyl, C,-C,~alkoxy-C,-C,~alkyl or C,-C,-
alkylthio-C,~-C,~alkyl radical,

R® is hydrogen, a (C,~C4s~alkyl, C,-Cs-alkenyl,
C,;-C¢-alkynyl, hydroxy-C,-C,~alkyl, C,-C,~alkoxy-
C,-C,~alkyl or C,-C,~alkylthio-C,-C,~alkyl
radical and

R® is hydrogen, a C,~Cs~alkyl, C,-C¢~-alkenyl,
C,~C¢-alkynyl, hydroxy-C,-C,~alkyl, C,-C,~alkoxy~
C,-C,~alkyl, C,~-C,~alkylthio-C,-C,~alkyl or
C,-C¢-alkylcarbonyl radical or the benzoyl
radical which may furthermore carry from one to
three substituents selected from a group con-
sisting of nitro, cyano, halogen, C,-C,-alkyl,
partially or completely halogenated C,-C,~halo-
alkyl, C,-C,-alkoxy and C,-C,-alkylthio, or

R® and Rf, together with the nitrogen atom to which
they are bonded, may form a 5- or 6-membered
heterocyclic structure which may contain an
oxygen or sulfur atom or a group -N(R’)- as a
ring member, where
R’ is hydrogen, C,-C,~alkyl, C,-C,~-alkenyl,

C,-C¢-alkynyl, | C,-C¢~alkylcarbonyl or
benzoyl,
wherein a 5-substituted cyclohexane-1,3-dione of the
general formula II

03
0
I II
X — C o
~°x
Y 0

is reacted with an acid derivative of the general formula
III
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where L is a nucleophilic leaving group.

A process for the preparation of cyclohexenone

derivatives of the formula

OH
Z N-OR2
C
]
” =Rl Ib
X — C ~o
s
Y 0

where the variables have the following meanings:

a C,-C,-alkyl group, a C,-Cy,—~alkenyl group, a
C,-C,,~alkynyl group, a C,-C,~cycloalkyl group, a
Cc,-C,~alkoxy-C,-C,~alkyl group, a C,-C,~alkylthio-
C,-C,~alkyl group, the phenyl or benzyl or a 5- or
6-membered hetaryl group having one or two
heterocatoms selected from the ygroup consisting of
nitrogen, oxygen and sulfur, where the aromatic and
heteroaromatic rings may furthermore carry from one
to three radicals selected from a group consisting
of nitro, cyano, halogen, C,-C,-alkyl, C,-C,~-halo-
alkyl, C,-C,~alkoxy, C,-C,~alkylsulfinyl and C,-C,-
alkylsulfonyl;

is a C,=-C¢~alkyl, C,-C¢-alkenyl or C,-C,-alkynyl
radical, where these radicals may furthermore carry
from one to three substituents selected from a group
consisting of halogen, C;-C,~alkyl, C,-C,~alkoxy,
phenyl and S5- or 6-membered hetaryl having one or
two heteroatoms selected from a group consisting of
nitrogen, oxygen and sulfur, where the phenyl and
hetaryl substituents in turn may furthermore carry
from one to three radicals selected from a group
consisting of nitro, halogen, c,~-C,~alkyl,

-
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'C,~-C,~haloalkyl and C,-C;-alkoxy; a 3- to 6-membered
alkyl chain or a 4-membered to 6-membered alkenyl or
alkynyl chain, where one chain member in each case
may be replaced with oxygen, sulfur or a group -SO-,
-S0,- or -N(R°)-, and the chain may furthermore addi-
tionally carry from one to three substituents
selected from a group consisting of halogen,
Cc,-C,~alkyl, C,-C,~alkoxy, phenyl and 5= or
6-membered hetaryl having one or two heteroatoms
selected from a group consisting of nitrogen, oxygen:
and sulfur, where the phenyl and hetaryl sub-
stituents in turn may furthermore carry from one to
three radicals selected from a group consisting of
nitro, halogen, C,-C,~alkyl, C,-C,~haloalkyl, C,-C,-
alkoxy and C,-C,~haloalkoxy, where

R® is hydrogen, C,-C¢=alkyl,; Cs-C¢-alkenyl,
C3-C¢-alkynyl, C,-C¢-alkylcarbonyl or benzoyl;

a group -OR' or =-NR°Rf, where

R is hydrogen, a C,-C¢-alkyl, Cz;-Cs-alkenyl,
Cy-C¢-alkynyl, C,-C,~alkoxy-C,-C,~alkyl or C,~-C,~
alkylthio-C,-C,~alkyl radical,

RS is hydrogen, a C,-Cs-alkyl, Cs-C;-alkenyl,
C;~C¢-alkynyl, hydroxy-C,-C,~alkyl, C,~-C,~alkoxy-
C,~-C,~alkyl or C,-C,~alkylthio-C,;-C,~alkyl
radical and

R¢ is hydrogen, a C,-C¢-alkyl, Cz-C¢-alkenyl,
Cz~-C¢~alkynyl, hydroxy-C,-C,~alkyl, C,-C,~alkoxy-
C,~C,~alkyl, C,-C,~alkylthio-C,-C,~alkyl or
C,~-C¢-alkylcarbonyl radical or the benzoyl
radical which may turthermore carry from one to
three substituents selected from a group con-
sisting of nitro, cyano, halogen, C,-C,~alkyl,
C,-C,~haloalkyl, ¢C,-C,~alkoxy and C,-C,~alkyl-
thio, or

R® and R®, together with the nitrogen atom to which
they are bonded; are a 5~ or 6-membered hetero-
cyclic structure which may contain an oxygen or
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sulfur atom or a group =N(R’)- as a ring

member, where

R’ is hydrogen, C -C¢-alkyl, C;-C¢-alkenyl,
C;-Cs~alkynyl, C,-C¢~alkylcarbonyl or
benzoyl,

wherein a compound of the formula Ia

OH
=0
0 C\
I RY Ia
X—C N o
c
7~ S
vy Yo

is reacted with a hydroxylamine of the formula IV
H,N-0-R? v
n 4. A process for the preparation of cyclohexenone

derivatives of the formula

OH
¢N-R3
(o}
u Ic
. R —C ~o
b S
.(: Y \o

where the variables have the following meanings:

R! a C,-Cp~alkyl group, a C,-C,-alkenyl group, a
C,-C,o—~alkynyl group, a C,-C,-cycloalkyl group, a
C,-C,~alkoxy-C,-C,~alkyl group, a C,-C,~alkylthio-
C,-C,~alkyl group, the phenyl or benzyl group or a
5- or 6-membered hetaryl group having one or two
heteroatoms selected from a group consisting of
nitrogen, oxygen and sulfur, where the aromatic and
heteroaromatic rings may furthermore carry from one
to three radicals selected from a group consisting
of nitro, cyano, halogen, C,-C,-alkyl, C,-C,~halo-
alkyl, c,-C,-alkoxy, C,-C,~alkylsulfinyl and C,-C,-
alkylsulfonyl;

PP
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R31s hydrogen, a C1-Cg-alkyl radical, a hydroxy-C{-Cs-alkyl,
C1-C4-alkoxy-C4-C4-alkyl or Cy-Cs-alkylthio-C1-C4-alkyl radical,/the
pheny! or benzyl radical, where the aromatic rings may furthermore carry
from one to three substituents selected from a group consisting of nitro,/
halogen, Cy-Cs-alkyl, C1-C4-haloalkyl, C1-C4-alkoxy and
C4-C4-haloalkoxy;

X, Y a group -OR4 or NR5R6, where

R4 is hydrogen, a C4-Cg-alkyl, C3-Ce-alkenyl, C3-Ce-alkynyl,
C1-Cgs.alkoxy-C4-C4-alkyl or C1-C4 -alkylthio-C4-C4-alkyl radical,

Rsis hydrogen, a C1-Cg-alkyl, C3-Cg-alkenyl, C3-Ce-alkynyl,
hydroxy-C1-C4-alkyl, C1-C4-alkoxy-C4-Cy4-alkyl or
C1-C4-alkylthio-C4-C4-alkyl radical and

Ré is hydrogen, a C1-Ce-alkyl, Cs-Ce-alkenyl, Ca-Ce-alkynyl,
hydroxy-C1-Cg4-alkyl, C1-C4-alkoxy-C4-C4-alkyl,
C1-C4-alkylthio-C1-C4-alkyl or C1-Cg-alkyl-¢:arbonyl radical or the benzoyl
radical which may furthermore carry from one to three substituents
selected from a group consisting of nitro, cyano, halogen, C1-C4-alkyl,
C1-C4-haloalkyl, C1-C4-alkoxy and Cy-C4-alkylthio, or

Rs and RS, together with the nitrogen atom to which they are bonded, are
a 5- or 6-membered heterocyclic structure which may contain an oxygen
or sulfur atom or a group -N(R7)- as a ring member, where

R7 Is hydrogen, C4-Cg-alkyl, C3-Cg-alkenyl, C3-Cg-alkynyl,
C4-Ce-alkylcarbonyl or benzoyl, wherein a compound of the formula 1a

OH
o7
o] N\ R
|| ia
X C o
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is reacted with an amine of the general formula V
I'Izl‘]"R3 v
5. .A herbicide containing a liquid or solid carrier

and at least one cyclohexefione derivative Ib as defined
in claim 3, or an agricultcurally useful salt of Ib, or an

- ester of Ib with C,-C,,~carboxylic acids or with inorganic

acids.

6. A method for controlling undesirable plant
growth, wherein a herbicidally active amount of a cyclo-
hexenone derivative of the formula Ib as defined in claim
3, or an agriculturally useful salt of Ib, or an ester of
Ib with C,-Cy,~carboxylic acids or with inorganic acids is
allowed to act on plants or their habitat or on seed.

7. A plant growth regulator containing a liquid
and/or solid carrier and at least one cyclohexenone
derivative of the formula Ia as defined in claim 2, or an
agriculturally useful salt of Ia or an ester of Ia with
C,-C,o~carboxylic acids or with inorganic acids.

8. A plant growth regulator containing a liquid
and/or solid carrier and at least one cyclohexenone
derivative of the formula Ic as defined in claim 4, or an
agriculturally useful salt of Ic or an ester of Ic with
C,-C,o-carboxylic acids or with inorganic acids.

9. A method for regulating plant growth, where¢in an
amount, effective for regulating plant growth, of a
cyclohexenone derivative of the formula Ia as defined in
claim 2 or an-agriculturally useful salt of Ia or an
ester of Ia with C,-C,,~carboxylic acids or with inorganic
acids, is allowed to act on plants or their habitat or on
the seed of the plants.

10. A method for regulating plant growth, wherein an
amount, effective for regulating plant growth, of a
cyclohexenone derivative of the formula Ic as defined in
claim 4, or an agriculturally useful salt of Ic or an
ester of Ic with C,-C,,~carboxylic acids or with inorganic
acids, is allowed to act on plants or their habitat or on
the seed of the plants.

DATED this 9th day of May, 1994

BASF AKTIENGESELLSCHAFT
WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD
THE ATRIUM
HAWTHORN MELBOURNE VICTORIA 3122
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Cyclohexenone derivatives

Abstract

Cyclohexenone derivatives I

OH

(R* = alkyl, alkenyl, alkynyl, cycloalkyl, alkoxyalkyl,
alkylthiocalkyl, substituted or unsubstituted phenyl,
substituted or unsubstituted benzyl, substituted or
unsubstituted 5-/6-membered hetaryl;

W = O, =N-OR? or =N-R%;

R? = substituted or unsubstituted alkyl, alkenyl or
alkynyl radical, substituted or unsubstituted 3- to 6-
membered alkyl chain or 4- to 6-membered alkenyl or
alkynyl chain, one chain member in each case being
replaced by -0-, -S-, -80-, -S0,- or -N(R%) -;

R® = H, alkyl, alkenyl, alkynyl, alkylcarbonyl, benzoyl;
R’ = H, alkyl, hydroxyalkyl, alkoxyalkyl or alkylthio-
alkyl, substituted or unsubstituted phenyl, substituted
or unsubstituted benzyl; )

X,Y¥ = -OR!' or ~NR’R¢;

R' = H, alkyl, alkenyl, alkynyl, alkoxyalkyl, alkylthio-
alkyl;

R® = H, alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxy-
alkyl, alkylthiocalkyl and R® = H, alkyl, alkenyl,
alkynyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkylcarbonyl, substituted or unsubstituted benzoyl or
R® + R* together with the common N atom = 5-/6-membered
heterocycle which may contain -0-, -8- or =N(R’)- as ring
member; R’ = H, alkyl, alkenyl, alkynyl, alkylcarbonyl,
benzoyl),

S
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and the agriculturally useful salts and esters of
C,-Cjo-carboxylic acids and inorganic acids of the
compounds I.

The cyclohexenone derivatives I are suitable as
herbicides and for regulating plant growth.

-—reonce
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zwelfelhaft erscheinen zu lassen, oder durch dle das Vertf-
fentllchue)zsdnmm einer anderen im Recherchenbericht ge.
nannten Vertffentlichung belegt werden soll oder die aus elnem
anderen besonderen Grund angegeben Ist (wie ausgefuhrt)

“0° Vertffentlichung, dle sich auf cine mlindilche Offenbarung,
we!g'enumng. cine Ausstellung oder andere MalOnahmen

“P* Vertt{entlichung, die vor dem Internationalen Anmeldeda.

tum, aber nach dem beanspruchten Priorititsdatum vertffent-
licht worden st

T*

x*

'Y'

8"

Spitere Vewllentllchury( dle nach dem intenationalen An-
meldedatum oder dem Priorititsdatum verdtentlicht worden
Ist und mit der Anmeldung nicht kollldlert, sondern nur zum
Verstindnls des der Erfindung zugrundeliegenien Prinzips
oder der (hr rugrundeliegenden Theorie angegeben st

Vertffentlichung von besonderer Bedeutung; dle beanspruch.
te Erfindung kann nicht als neu oder auf erfinderischer Titig-
keit beruhend betrachtet werden

Vertilentlichung von besonderer Bedeutung; die beanspruch-
te Erflndung kann nlcht als auf erfinderischer Titigkeit be-
ruhend betrachtet werden, wenn dle Vertffentlichung mit
elner oder menreren anderen Verdffeatlichungen dieser Kato-
goriein Verblndunlghgebracht wird und dlese Verbindung flir
cinen Fachmann naheliegend Ist

Verttfentlichung, die Mitglled derselben Patentfamilie ist

= e
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] 2 1V. BESCHEINIGUNG
, Datum des Abschlusses der Internationalen Recherche Absendedatum des Internationalen Recherchenberichts
] )
07 .DEZEMBER 1992 24.12.92
l Internationale Recherchenbehtirde

’ Unterschrift des bevollmichtigten Bedlensteten
1 EUROPAISCHES PATENTAMT KINZINGER J.M.

Parmblatt PCT/LSA/210 (Blatt 2) (Jamer 19¢5)
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ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT
UBER DIE INTERNATIONALE PATENTANMELDUNG NR. EP 9202226 ‘4-

SA 64826
:,“. td;ﬁl: Anhnneg -:n‘:t :l:en Mnt;hetkr der Pateatfamilien der im obengenannten internationzlen Recherchenbericht angefihrten
Die Angaben iher die Familicamitglicder eatsprechen dem Stand der Datei des Eurvpiiischen Pateatamts am
Dilese Angaben dienen nur zur Unteyrichtung und erfolgen ohne Gewiihr. 07/12/92
Im Recherchenbericht Datum der Mitglied(er) der Datum der
angefilhrtes Patentdokument Veroffentlichung Patentfamilie Veroffentlichung
EP-A-0306996 15-03-89 JP-A- 59196840 08-11-84

EP-A,B 0123001 31-10-84
US-A- 4866201 12-09-89
US-A- 4560403 24-12-85
US-A- 4678496 07-07-87

EP-A-0126713 28-11-84 AU-B- 583256 27-04-89
AU-A- 3541784 22-05-86
CA-A- 1234815 05-04-88 i
JP-A- 59231045 25-12-84
SU-A- 1400503 30-05-88
US-A- 4584013 22-04-86
US-A- 4618360 21-10-86
Us-A- 4693745 15-09-87
US=A- 4623382 18-11-86
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